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A B S T R A C T

Background: In France, HPV vaccine uptake among adolescents remains a public health concern. Therefore, we 
examined changes in French adolescents’ knowledge, attitudes, and practices (KAP) following exposure to HPV- 
vaccination-related interventions.
Methods: Our cluster-randomized trial applied an incomplete factorial design to allocate three intervention 
components (in-school education, free in-school vaccination, and general practitioner [GP] trainings) into six 
arms, randomly assigned to 91 French municipalities. Adolescents’ (N = 2758; typically aged 13–14) self- 
reported HPV-vaccine-related KAP was assessed via online questionnaires at baseline and follow-up. Using lo
gistic regression, we estimated the decomposed effects of each intervention component on favorable responses to 
individual KAP items. Each model adjusted for the baseline level of the outcome. We conducted subgroup an
alyses of the effect of the education component.
Results: Adolescents who received in-school education, compared to those who did not, provided improved re
sponses on all knowledge items at follow-up. They also reported more favorable attitudes, which included the 

Abbreviations: HPV, Human Papillomavirus; STI, Sexually Transmitted Infection; GP, General Practitioner; HCP, Healthcare Provider; US, United States; UK, 
United Kingdom.
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perceived benefit-risk balance (OR = 1.6 [95 %-CI, 1.2–2.0]) and judging reduced onward transmission as 
important (1.5 [1.1–2.1]). In-school education increased the likelihood of having HPV-vaccine-related discus
sions with friends (1.8 [1.2–2.6]). In-school vaccination increased adolescents’ likelihood of knowing that friends 
are vaccinated (3.1 [2.2–4.2]), and perceived accessibility (2.2 [1.5–3.2]). Perceived difficulties in accessing 
clear vaccine information increased specifically among multilingual adolescents (0.5 [0.2–0.9]).
Conclusion: Free in-school HPV vaccination significantly increases perceived ease of access to HPV vaccination for 
students who are already motivated to get vaccinated, and in-school education and motivation improves stu
dents’ HPV vaccine-related knowledge and attitudes and can encourage them to get vaccinated. Thus, when 
offered together over the course of multiple academic years, we would expect to see increased vaccine uptake as 
adolescents become both more amenable toward vaccination and perceive easier access. Educational material 
needs tailoring for families from different linguistic and cultural backgrounds.

1. Background

The human papillomavirus (HPV) constitutes a significant global 
public health concern [1]. It is estimated that 80–90 % of sexually active 
individuals acquire HPV during their lifetime in the absence of an HPV 
vaccination program [2]. Persistent infections can develop into certain 
types of cancers, including cervical, anal and oropharyngeal cancers. It 
can also result in anogenital warts and respiratory papillomatosis, which 
significantly impact quality of life [1,3,4]. Since 2006, there have been 
safe HPV vaccines that effectively prevent infection with the high-risk 
HPV types that cause the majority of cancers and anogenital warts 
[1,5,6]. The World Health Organization (WHO) currently recommends 
HPV vaccination for all girls aged 9–13 years old; vaccination for boys 
and older women are secondary targets where affordable and feasible 
[1].

In France, HPV vaccination has been recommended for girls aged 14 
years or older since 2007, and recommendations shifted in 2013 to 
target girls aged 11–14 with a two-dose schedule [7]. In 2019, the Na
tional Authority for Health (HAS) recommended HPV vaccination for 
boys of the same age; this recommendation was endorsed and subse
quently included the immunization schedule for all adolescents 2020; it 
was reimbursable by public health insurance in 2021 [8,9]. Thus, in 
2020, the overwhelming majority of vaccinated adolescents were girls, 
and first-dose vaccine coverage for girls by age 15 was 41 %; complete 
coverage was 37 % [10]. By 2023, first-dose vaccine coverage for girls 
and boys by age 15 was 55 % and 26 %, respectively [10]. Complete 
vaccination coverage also increased, with 45 % of girls and 16 % of boys 
completing their vaccine schedules by the age of 15 [10]. Despite this 
positive trend, these estimates are still below the vaccination targets 
outlined in both the National Sexual Health Strategy and the ten-year 
Cancer Control Plan, whose goal is 80 % coverage by 2030 [11,12].

In France, adolescents have shown limited understanding around 
HPV infection, cervical cancer, and HPV vaccination [13–15]. In pre
vious studies, girls have reported that they had not received any infor
mation from their teachers or school nurses about the vaccine, although 
they did agree that these would be trustworthy sources of information 
[13,16]. They also expressed a desire to become more informed and 
involved in their health decision-making, while showing a strong in
terest in HPV and cervical cancer [13,15,16]. In France, consent from 
both parents is legally required for vaccination of minors. Nevertheless, 
one might expect that improving health communication and HPV edu
cation strategies targeting adolescents may enhance their understand
ing, increase awareness, and cultivate favorable attitudes toward HPV 
vaccination [17].

Adolescence is a crucial developmental period where individuals 
begin to form their own beliefs, attitudes, skills, and decision-making 
processes, particularly regarding their health behaviors [18]. The age 
at which the HPV vaccine is administered in France aligns with signif
icant life and social changes, including school transitions as adolescents 
begin middle school. This developmental stage is noteworthy, as ado
lescents are seeking more maturity and independence from parents 
while experiencing closer social interactions with peers [13,19]. Thus, 
to increase HPV vaccine uptake among adolescents in France, it is 

necessary to thoroughly understand how information and vaccine pro
motion campaigns can impact adolescents’ HPV vaccine-related 
knowledge, attitudes, and practices (i.e., behaviors). Accordingly, we 
present a secondary analysis of data from an HPV vaccine intervention, 
where we assess whether the three intervention components (in-school 
education, in-school vaccine campaigns, and local GP training) influ
enced HPV vaccine-related knowledge, attitudes, and practices, which 
represent common psychological antecedents of vaccination, among 
adolescents at participating middle schools (aged 13–15 years) in 
France.

2. Methods

2.1. Study design

2.1.1. Overview
The PrevHPV consortium was established to co-construct and eval

uate a multicomponent intervention to increase HPV vaccination 
coverage among adolescents in France [20]. In the experimental phase 
of the PrevHPV project, 91 French municipalities were block random
ized (block size = 6) using a computer-based random allocation led by a 
senior study member (NT). The primary trial outcome, whose results are 
reported elsewhere [21], was municipality-level HPV vaccine coverage. 
In the present manuscript, we report results on a pre-registered sec
ondary outcome: adolescents’ vaccine-related knowledge, attitudes, and 
practices (i.e., behaviors), assessed by self-administered online ques
tionnaires at baseline and at a 5-month follow-up.

2.1.2. Intervention components
There were three intervention components arranged into six inter

vention conditions using an incomplete factorial design: 1) in-school 
education and motivation offered to adolescents during class, 
including participatory learning and eHealth tools such as videos and 
video games; additional information sessions were offered to parents, 
but were poorly attended and reached a very small audience 2) free, in- 
school HPV vaccination offered to adolescents in 4ème and 3ème 
(equivalent to US grades 8 and 9 and UK years 9 and 10; students aged 
approx. 13–15 years), with consent required from the students’ custo
dial guardians; and 3) training and support for general practitioners 
(GPs; Table 1). GP e-learning sessions were designed to reinforce GPs’ 
knowledge of HPV infection and vaccination. These sessions also helped 
GPs strengthen their motivational interviewing skills to recommend the 
HPV vaccine to adolescents and their parents [20]. The six intervention 
conditions were randomly allocated to 91 municipalities across France; 
intervention activities occurred between September 2021 to April 2022, 
thus pre-dating the rollout of in-school vaccination in all French middle 
schools in the autumn of 2023. This was an open-label study, meaning 
that both the schools and the study team members responsible for 
administering the interventions were aware of the intervention assign
ments; middle school students and their parents were not explicitly 
informed about the experimental group assignment of their school.
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2.1.3. Eligibility criteria
The target population of this analysis were students attending middle 

schools in participating municipalities. To be considered for the inter
vention, municipalities were required to satisfy the following criteria: 1) 
they must have only one middle school in the municipality, and 2) at 
least two-thirds of adolescents within the 11-to-14-year age category 
must have been enrolled in this middle school. More details on inclusion 
and municipality selection can be found in the previously published trial 
protocol [20].

2.2. Data collection

Data from adolescents were self-reported via an anonymous ques
tionnaire published on REDCap. Starting in November 2021, prior to the 
rollout of in-school intervention activities, adolescents in the grades 
4ème and 3ème were allotted class time to complete the baseline ques
tionnaire using a unique and anonymized identifier. To assess the 
effectiveness and implementation of the intervention, students were 
invited to complete a follow-up questionnaire through the same process, 
using the same IDs as the baseline questionnaire, approximately two 
months after the conclusion of intervention activities within each mu
nicipality. The present analysis only includes questionnaire data from 
the 2758 students whose IDs could be matched between the baseline and 
follow-up questionnaires (see Fig. 1 for full participant flowchart). On 
average, there was an approximate five-month period between these 

two timepoints.

2.3. Outcome: Adolescent knowledge, attitudes, and practices (KAP)

KAP questions probed respondents about HPV vaccine coverage in 
other countries, the benefits versus risks of vaccination, the ease of ac
cess to the HPV vaccine, and whether they discussed HPV vaccination 
with family and friends, among other items (see Supplementary 
Table 1). No validated questionnaire with sufficient granularity was 
available prior to the study. We therefore developed the items following 
the “7C” framework of psychological antecedents of vaccination [22], 
with at least one knowledge, attitude and practice item per 7C domain to 
ensure that a large panel of concepts were covered in the questionnaire. 
Previous confirmatory factor analysis of the PrevHPV KAP data 
demonstrated that not all KAP items of our questionnaire contributed to 
the 7C domains and the related 7C score of vaccine readiness [23]. 
Therefore, in the present analysis, we assumed uniqueness of the KAP 
items and treated each follow-up KAP item as an individual outcome 
variable.

2.4. Statistical analysis

We analyzed the decomposed effects of the three intervention com
ponents on adolescents’ KAP items. In all models, the intervention 
components were designed as three disjoint indicator variables with the 
referent category as no intervention; this exposure modeling scheme 
allowed us to estimate the decomposed effects of each of the three 
intervention components rather than the effect per each of the six 
randomization conditions. To analyze the impact of the components on 
adolescents’ individual knowledge, attitudes, and practices, we cate
gorized all relevant interview items into binary outcomes, distinguish
ing between favorable (i.e., desirable) and unfavorable responses. 
Neutral or indecisive response options were grouped with unfavorable 
responses. Using logistic regression, we modeled the relationship be
tween the intervention components and adolescents’ follow-up re
sponses to individual KAP items, while adjusting for participants’ 
baseline response to the respective items. To summarize results, the log 
odds ratios were output into forest plots to allow more accurate com
parison between values on the log scale. In the text, we present the odds 
ratio values for ease of interpretation.

Informed by previous results of the PrevHPV study, suggesting that 
in-school education and motivation had a positive effect on self-reported 
vaccine uptake or intention to get vaccinated for French monolingual, 
but not multilingual students [24], we also explored the effects of the in- 
school education and motivation component within strata of in-home 
multilingualism. This variable was binary: students either exclusively 
spoke French at home or spoke another language (besides French) at 
home, too. These stratified estimates were also summarized in forest 
plots.

All regression models accounted for the clustering of participants 
within municipalities. All analyses were conducted in STATA 17 [25]. 
Forest plots were created in RStudio using the ggplot2 package [26].

3. Results

The final sample of adolescents included 2758 students from 39 
schools after data cleaning and questionnaire linkage between baseline 
and follow-up (Fig. 1). Adolescents were distributed evenly by gender 
(53 % of girls) and school grade (54 % in 4ème, approximately age 13), 
with limited variation across randomization arms. In the overall sample, 
560 (20 %) adolescents reported speaking another language (other than 
French) fluently at home, and this proportion varied widely by 
randomization arm (e.g., 10 % in Arm 1 and 33 % in Arm 5; Table 2). At 
baseline, 1587 (59 %) of participants said that they had heard of the 
HPV vaccine before, while 283 (10 %) were not sure, and 829 (31 %) 
were sure that they had not heard of the vaccine. By follow-up, 2349 (86 

Table 1 
Intervention components per randomization arm.

In-school education 
and motivation1

General 
practitioner 
training2

Free in-school 
vaccination3

Arm 1 
(n ¼ 15 
middle 
schools)

X X X

Arm 2 
(n ¼ 15 
middle 
schools)

X X

Arm 3 
(n ¼ 15 
middle 
schools)

X X

Arm 4 
(n ¼ 15 
middle 
schools)

x

Arm 5 
(n ¼ 15 
middle 
schools)

X

Arm 6 
(n ¼ 15 
middle 
schools)

1 The in-school education and motivation component included: 1) a web 
conference on HPV infection and vaccination for parents, and 2) two educational 
group sessions on HPV infection and vaccination for adolescents, delivered by 
their teachers during regular school hours using eHealth tools (videos, serious 
video game) and participatory learning.

2 The general practitioner training component included individual e-learning 
sessions which offered updated information on HPV infection/vaccination, les
sons on motivational interviewing techniques when offering vaccination, and 
presentation of a decision aid tool designed to help hesitant individuals decide 
whether to vaccinate.

3 The free, in-school vaccination component consisted of a vaccination day 
organized at the middle school, with health professionals from local vaccination 
centers offering the HPV vaccine free of charge, without any medical prescrip
tion required, for eligible adolescents. Parents were informed of the vaccination 
day in advance, and adolescents could only be vaccinated with parental consent.
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%) were sure that they had heard of the HPV vaccine. The median time 
between an adolescent’s baseline (November 2021–March 2022) ques
tionnaire response and their follow-up survey response (May 2022 – 
June 2022) was 4.5 months (IQR: 4.2–4.9).

Almost all KAP items showed a substantial increase of prevalence of 
vaccine-favorable responses between baseline and follow-up (Table 2). 
Of note, there was a 22 percentage-point increase in remembering ed
ucation on sexually transmitted infections (STIs) at school in the overall 
respondent sample (68 % at baseline vs 90 % at follow-up; Table 2).

On average, the in-school education and motivation intervention 

component had the largest effect on KAP items, compared to the other 
intervention components. In regression analyses adjusting for baseline 
levels of KAP items and receipt of other intervention components, par
ticipants who received this component, compared to participants who 
did not, had an increased odds of providing a favorable response on all 
knowledge items at follow-up (Fig. 2). For example, the odds of 
awareness of high vaccine coverage in the UK and Portugal was 7.2 (95 
%-confidence interval [95 %-CI]: 4.8, 10.8) times higher among ado
lescents who received this component than those who did not. Similarly, 
students who received in-school education and motivation were more 

Fig. 1. Participant Flowchart.
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likely at follow-up to agree that the benefits of HPV vaccination out
weighed the risk for them (OR = 1.6 [95 %-CI: 1.2, 2.0]), that it was 
important to not transmit HPV to others (1.5 [1.1, 2.1]), that they could 
easily discuss HPV with their doctor (1.4 [1.1, 1.8]), and that others 
getting vaccinated encouraged them to do so (1.4 [1.0, 1.8]). Discussing 
HPV vaccination with friends (1.8 [1.2, 2.6]) and knowing that friends 
were vaccinated (1.6 [1.2, 2.1]) were the two practice-related items 
with a significant positive effect from the in-school education and 
motivation component (Fig. 2).

Further adjusting for baseline KAP levels and receipt of other inter
vention components, participants in schools with free, in-school HPV 
vaccination were more likely to report knowing that their friends were 
vaccinated (3.1 [2.2, 4.2]), to have heard of the HPV vaccine before (2.2 
[1.1, 4.3]), and to agree that the HPV vaccine was easy to access (2.2 
[1.5, 3.2]), when compared to participants in schools without such 
campaigns (Fig. 3).

Adolescents whose municipalities were randomized to include the 
GP training component had a slightly higher likelihood at follow-up of 
finding it easy to access clear information about the HPV vaccine (1.3 
[1.1, 1.6]), compared to adolescents in other municipalities (Fig. 4). 
However, they were more likely to report difficulties in discussing the 
vaccine with their family and friends (OR for finding easy, 0.76 [0.61, 

0.96]).
In analyses stratifying the effect of the in-school education and 

motivation component by in-home multilingualism, we observed a dif
ferential effect on the perceived accessibility of clear information on 
HPV vaccination. Among all participants across study arms, 36 % at 
baseline and 57 % at follow-up agreed that it was easy to find clear 
information about the vaccine (Table 2). This percentage was 59 % 
among all participants receiving the in-school education component, 
and 52 % vs 60 % among multilingual vs French monolingual students 
with this intervention component (data not shown). In regression ana
lyses, this resulted in a negative effect among multilingual students 
(0.46 [0.22, 0.93]), versus no significant effect among monolingual 
students (1.2 [0.99, 1.4]; Fig. 5).

4. Discussion

In this cluster-randomized trial including a sample of adolescents in 
France aged 13–15 years, we found that in-school HPV education and 
motivation produced the greatest improvement in KAP items, notably 
among knowledge items and positive perceptions of the benefit-risk 
balance. By contrast, free, in-school HPV vaccination had a positive ef
fect specifically on perceptions around vaccine accessibility and 

Table 2 
Description of the participant sample (N = 2758) and of prevalences of vaccine-favorable knowledge, attitudes and practice item responses at baseline and follow-up.

Variable Name N (%)

Arm 1 Arm 2 Arm 3 Arm 4 Arm 5 Arm 6 Total

Multilingualism: Speaking also another language fluently at home (vs only French) 22 (10) 86 (24) 116 (17) 105 (21) 94 (33) 137 (19) 560 (20)
Gender: Girl (vs boy) 120 (55) 176 (49) 348 (51) 288 (56) 164 (58) 362 (51) 1458 (53)
Grade: 4ème (vs 3ème) 124 (56) 212 (59) 346 (51) 296 (58) 160 (57) 360 (51) 1498 (54)
Non-missing responses to above items 220 362 679 510 281 705 2757

Variable Name

Baseline Follow-up

Vaccine-favorable 
responses (n [%])1 Missing2 Vaccine-favorable 

responses (n [%])1 Missing2

Heard of the HPV vaccine before 1587 (59) 59 2349 (86) 42
Doctor talked to me about HPV 799 (30) 103 955 (36) 85
Doctor offered HPV vaccine to me 739 (28) 123 923 (35) 103
Talked with parents about HPV vaccination 852 (31) 23 1105 (40) 19
Education on STIs at school 1832 (68) 78 2428 (90) 59
Gender-neutral HPV vaccination recommendation 1315 (52) 865 2098 (83) 237
Ideal age range for HPV vaccination 1185 (47) 865 1728 (69) 236
Vaccine coverage for 15-year-olds in UK & other countries 114 (5) 866 521 (21) 236
How long the HPV vaccine has been monitored for safety 318 (13) 866 577 (23) 237
Cancer elimination via HPV vaccination 570 (23) 866 958 (38) 238
I have enough knowledge about the vaccine 287 (11) 866 797 (32) 238
Better immune response to HPV vaccine before age 14 1123 (45) 865 1726 (69) 238
Most people around me are favorable to HPV vaccination 1009 (42) 986 1237 (51) 352
My friends are vaccinated against HPV 934 (37) 888 1458 (58) 254
Easy to find clear info about HPV vaccine 868 (36) 931 1393 (57) 314
I think the HPV vaccine is safe 1147 (46) 871 1637 (65) 247
Personally, HPV vaccination is easy to access 1152 (46) 872 1565 (62) 250
Personally, HPV vaccination is useful 1397 (56) 872 1836 (73) 247
Not transmitting HPV to others is important 1518 (61) 875 1976 (79) 248
No difficulties discussing HPV vaccination with close people 1134 (45) 873 1472 (59) 247
No difficulties discussing HPV vaccination with HCP 1069 (43) 874 1444 (58) 249
I’m not too young for HPV vaccination 1257 (50) 873 1756 (70) 247
Personally, benefits outweigh risks of HPV vaccination 1008 (40) 873 1472 (59) 248
Others getting vaccinated encourages me to do so 820 (33) 872 1121 (45) 247
Discussed HPV vaccination with friends 880 (35) 893 1407 (57) 269
Researched information on HPV vaccine risks/benefits 209 (8) 895 436 (18) 270
Helping to eliminate HPV through vaccination 916 (37) 894 1420 (57) 270
The school system meets my needs 1223 (44) 1 1270 (46) 1

Unfavorable responses included indecisive response options (i.e., “I don’t know”); the denominator for all percentages is the number of non-missing responses for the 
respective item.
Most questionnaire items used skip logic to only include participants who met at least one of the following criteria: 1) recalled speaking to their physician about either 
HPV in general or 2) the HPV vaccine; 3) recalled having been offered the HPV vaccine by a doctor; 4) recalled having heard of the HPV vaccine before, or 5) expressed 
uncertainty (but did not say no) to having heard of the HPV vaccine. At baseline, 865 respondents met these criteria and were systematically excluded from responding 
to most other questionnaire items. At follow-up, this number was reduced to 239 participants. Therefore, for those that are missing ≥865 responses at baseline, 865 of 
these responses are missing by design. Likewise, among questionnaire items that are missing ≥239 responses at follow-up, 239 of these responses are missing by design.

J.M. Dussault et al.                                                                                                                                                                                                                             Vaccine 61 (2025) 127344 

5 



knowing friends who are vaccinated. Lastly, students whose munici
palities were randomized to offer training to general practitioners saw a 
slight increase in their perceived ease of finding clear information and a 
slight increase in difficulty of discussing the vaccination with close 
persons compared to adolescents who were in municipalities that were 
not randomized to receive GP trainings.

While it is generally unsurprising that school-based education in
creases knowledge among students, the present study demonstrates that 
this specific in-school education and motivation component also 
improved vaccine literacy and influenced attitudes. Given the high 
levels of vaccine hesitancy in France [27–29], our study findings are 
particularly noteworthy as they suggest that school-based education can 

Fig. 2. – Effects of the in-school education and motivation component on individual questionnaire items.

Fig. 3. – Effects of free in-school HPV vaccination on individual questionnaire items.
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improve adolescents’ understanding of the safety and effectiveness of 
the HPV vaccine, influencing them toward more positive attitudes. 
Moreover, while decades of research have established that there is often 
a substantial gap between acquiring knowledge and behavioral change 
[30,31], more recent studies have shown that one’s assessment of the 
benefits of a given vaccine has been found to strongly determine 
intention to vaccinate and vaccine uptake [23,32]. Thus, in improving 
adolescents’ understanding of the safety, effectiveness, and other ben
efits of the HPV vaccine via the in-school education and motivation 
component, there may be downstream effects on eventual vaccine 
uptake.

Our study results demonstrate that free, in-school vaccination 
effectively increased the ease of access to the HPV vaccine and students’ 
awareness of their friends’ vaccine status. Moreover, the decomposed 
effects of in-school vaccination did not suggest that this component 
alone would influence knowledge and attitudes, even if they do elicit the 
target behavior (i.e., vaccination) among a percentage of individuals to 
whom free vaccination is offered. Indeed, published intention-to-treat 
results from the PrevHPV trial showed that free in-school HPV vacci
nation increased vaccine coverage (measured 2 months post- 
intervention) by an average 5 percentage points in municipalities ran
domized to receive this component [21]. By contrast, the education and 
motivation component did not increase vaccination uptake within the 5- 
month follow-up [21]. In the present study, we also found that students 
whose schools were randomized to offer free vaccination were more 
likely to know that their friends were vaccinated, a social component 
that in other studies has been associated with one’s own willingness to 
vaccinate [33–36]. In the context of previous trial results, our current 
results highlight the benefits of a joint intervention comprising in-school 
education and in-school vaccination components, as each component 
addresses distinct barriers to HPV vaccination (e.g., ignorance, hesi
tancy, inaccessibility). A conjoint application of these two components 
would be complimentary and without redundancy.

Our study did not find much impact of GP training on adolescents’ 
KAP. We did see that students in municipalities where GPs received 
training were slightly more likely to report that they could find clear 

information on the HPV vaccine. While this was a small effect, it was 
consistent with the anticipated benefit of the GP training component, as 
GPs were offered a decision aid tool and training in motivational 
interviewing. Other results may be difficult to interpret given the short 
amount of time between the end of the intervention and follow-up 
questionnaire, which would not have allowed many adolescents the 
opportunity to see their regular GP. Moreover, few GPs participated 
within the municipalities assigned to this component [21], and we could 
not identify which students in our sample were patients of trained versus 
untrained GPs. It is for these reasons that we interpret results from this 
component with caution, and we also suggest that future studies in 
France could better examine the relationship between GP trainings and 
adolescents’ KAP by examining KAP among adolescents who were 
known to have visited a trained GP. Moreover, as parents play a key role 
in vaccine decision-making for their children and are present for their 
medical appointments, future studies would do well to also analyze 
parents’ KAP following GP trainings.

Finally, the results from our post-hoc analysis suggest that there were 
differences in the effect of in-school education and motivation on stu
dents’ KAP responses based on whether they spoke a language other 
than French at home. This analysis was motivated by the previously 
reported observation that free vaccine campaigns in schools were 
effective on the combined outcome “vaccine uptake or intention” irre
spectively of multilingualism, but that in-school education and moti
vation was effective only among French monolingual adolescents [24]. 
We here observed that multilingual students were more likely to report 
difficulty in accessing clear information on HPV vaccination at follow- 
up compared to their monolingual counterparts. Of note, this sub
group analysis was limited by a small sample of multilingual students, 
and the distribution of these students was unequal across randomization 
arms, likely due to the non-participation of 31 middle schools that were 
originally randomized. This calls into the question of exchangeability of 
these multilingual participants across randomization arms [37]. Lan
guage barriers certainly exist for multilingual families; however, in 
France, many multilingual families have origins in countries where 
French is taught at school (eg, in Northern and Western Africa, in French 

Fig. 4. – Effects of GP training on individual questionnaire items.
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Oversees departments). For adolescents, the fact that improvements in 
knowledge items were not substantially lower in multilingual than 
monolingual students suggests that language barriers were not at play in 
the lower gain in intention. We hypothesize that parents in families 
originating outside mainland France are differently exposed to negative 
communication and believes on HPV vaccination in their social envi
ronment, and that adolescents experienced difficulties in convincing 
their parents about HPV vaccination. These findings suggest that addi
tional tailoring of educational materials is required. For this, we 
recommend qualitative work to better understand the linguistic, 
educational, cultural and programmatic barriers around vaccine pro
motion in France. Such barriers may relate not only to understanding 
HPV vaccine information, but also to framing it within other believes 
and messages received in the social environment.

The present study had several limitations. First, there were eligible 
adolescents whose data were not captured in this cohort, either due to 
not having completed one of the two questionnaires, or because their ID 
was not correctly entered in one of the questionnaires, making it 
impossible to link the two. Among the 13,233 adolescents at the 
remaining 60 participating middle schools, only 20 % completed the 

KAP questionnaire at baseline and follow-up while correctly entering 
their unique ID. Such a large loss in sample size could induce selection 
bias if the current sample does not represent a simple random sample of 
the original sample (i.e., if data missingness is contingent on the value of 
a variable related to our analyses) [38,39]. While restricting to only 
baseline questionnaires would not circumnavigate this issue (as many 
eligible adolescents did not complete baseline questionnaires), our 
assessment of differences in the full baseline data available compared to 
those retained for the linkable follow-up cohort suggests that partici
pants in the linkable follow-up cohort have a similar distribution of 
sociodemographic characteristics compared to the full baseline data 
available, with an important exception for multilingualism.

A second limitation is that the analyses assumed that all exposures 
were homogenous across middle schools based on being randomized to 
the same intervention components. In other words, the analysis assumed 
that all adolescents in our cohort received the same educational mate
rials and the same amount of class time discussing HPV and vaccination. 
Further, it assumed that all in-school vaccination occurred uniformly 
across all schools randomized, and that all adolescents living in mu
nicipalities that were randomized to receive GP training had equal 

Fig. 5. – Post-hoc analysis of the modification of the effect of the in-school education and motivation component by at-home multilingualism.
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opportunity to receive services from a trained GP. If these assumptions 
are not valid, as already explored in the case of the GP training 
component, there is a risk that our results are biased. However, if many 
adolescents did not receive the anticipated intervention dose, we would 
expect our results presented here to be less extreme than the underlying 
truth.

Lastly, due to the anonymous nature of the survey, we did not collect 
data on which classroom each student attended or which GP they 
visited. However, there may have been meaningful clustering among 
adolescents who were taught by the same teacher or offered the vaccine 
by the same healthcare professional. Such clustering was unmeasured 
and therefore unaccounted in our statistical analysis approach, which 
only assumes school-level clustering of observations and clustering on a 
more granular level.

Our study also had several strengths. First, the factorial design of this 
study offered the opportunity to study three intervention components in 
different combinations; this also allowed us to statistically approximate 
the unique benefits that each intervention component offered to ado
lescents. Additionally, the study questionnaire offered a wide variety of 
knowledge, attitude, and practice items, giving us a more granular level 
of detail about what beliefs and behaviors were altered because of the 
study intervention components.

5. Conclusion

Taken together, our results suggest that joint in-school HPV educa
tion and vaccination campaigns could function well together to improve 
immediate and future vaccine uptake. In-school education and motiva
tion increase students’ HPV vaccine-related knowledge, improve their 
perception of the vaccine’s safety and effectiveness, and have the po
tential to motivate them toward having more vaccine-favorable beliefs 
and engaging in vaccine-favorable behaviors. Meanwhile, free in-school 
HPV vaccination significantly increases the ease of access to HPV 
vaccination for students who are motivated to get vaccinated. In 2023, 
France has introduced a policy for school-based HPV vaccination cam
paigns targeting middle school students in 5ème (equivalent to US grade 
7 or UK year 8; students aged approximately 11–12 years). Considering 
our study results, we recommend that these campaigns be systematically 
combined with in-school education and motivation programs with the 
goal to maximize immediate effectiveness and long-term impact on 
vaccine acceptance. Furthermore, as parental consent is required for 
vaccination in France, such education and motivation material should 
also be tailored to meet the needs of families from a variety of linguistic 
and cultural backgrounds to increase accessibility and acceptability of 
HPV vaccine promotion. When vaccine campaigns and appropriate in- 
school education are offered in unison over the course of multiple aca
demic years, we would expect to achieve higher vaccine coverage and 
see adolescents and their families become more amenable to vaccination 
in general.
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